Very strong (high-Mach number) shock waves in collisionless astrophysical plasmas, like the shocks surrounding young supernova remnants, can accelerate particles to ultrarelativistic energies. Collisionless shock waves also form in the solar wind plasma flow from the Sun, but are generally so much weaker that is unclear what in situ observations can tell us about far stronger shocks. However, here we present Cassini spacecraft observations of Saturn's bow shock wave, one of the stronger shocks in the Solar System that occasionally becomes strong enough to provide a glimpse of high-Mach number shock processes. In particular, we present observations of a high-Mach number shock encounter under "quasi-parallel" magnetic conditions, where significant electron acceleration has been identified under such conditions for the first time. This contradicts the established magnetic dependence of electron acceleration at solar system shocks, showing that quasi-parallel shocks are far more efficient electron accelerators at high Mach numbers.
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